To examine predictors of body mass index (BMI) at the age of 8 y in a prospective study of Australian children. DESIGN: Longitudinal survey of a cohort of Australian children followed from the 16th week of gestation to 8 y. SUBJECTS: In total, 741 boys and 689 girls who attended the survey as 8 y olds. MEASUREMENTS: Weight and height, blood pressure measured by automated oscillometry, fasting blood lipids and glucose. Questionnaire assessment of activity and diet. RESULTS: Proportions of overweight including obesity in boys and girls were, respectively, 22 and 25% at 1 y, 14 and 14% at 3 y, 13 and 18% at 5 y and 15 and 20% at 8 y. At the age of 1, 3, 6 and 8 y, children with overweight including obesity showed significantly more adverse cardiovascular risk factors. Blood pressure (BP) was significantly higher by 2/3 mmHg (systolic/ diastolic) at 1 y, 3/2 mmHg at 3 y, 4/2 mmHg at 5 y and 6/2 mmHg at 8 y; HDL was significantly lower (P ¼ 0.002) by 8% and triglycerides were significantly higher by 27% (Po0.001). In multivariate regression, BMI at the age of 8 y was significantly predicted positively by birth weight, mother's BMI and hours spent in watching television at the time of the survey of 6 y olds. Mothers being ex-smokers or non smokers and children being 'slightly active' and 'active' negatively predicted BMI in 8 y olds. In a subset of 298 children with information about fathers, paternal BMI was an additional independent predictor. Maternal or paternal overweight including obesity each independently increased risk of overweight including obesity at the age of 8 y threefold. A food factor with consumption of cereals and breads as the major components derived from a Food Frequency Questionnaire in a subset of 340 children was also an independent negative predictor of BMI in multivariate models. CONCLUSION: The increasing rate of overweight including obesity, particularly in girls, is associated with an increase in cardiovascular risk factors very early in life. Improvement of health-related behaviours within the family and a focus on promotion of activity in children should be priorities in achieving weight control.
Introduction
Obesity in childhood adversely affects children's health and well-being, 1 and leads to serious consequences in the longer term because of tracking of overweight and obesity to adult life. [2] [3] [4] The worldwide increase in the prevalence of obesity and overweight in children and adults 5 implies a substantial increase in life style diseases such as Type II diabetes, hypertension and cardiovascular disease. 6 Addressing the factors leading to obesity and its associated morbidities has become a major public health concern. 1 Temporal trends for an increase in the proportion of overweight and obese children and adolescents have been reported widely, 1, [7] [8] [9] affecting even 4-5 y olds. 10 Population surveys among Australians aged 7-15 y showed that the prevalence of overweight including obesity doubled between 1985 and 1997; 11 Lazarus et al 12 estimated that body mass index (BMI) had increased by more than 1 kg/m 2 in 7 to 12-y-old Australians in that interval. Magarey et al 13 applied
the new international standards for overweight and obesity in children, 14 using data from the cross-sectional Australian
Health and Fitness Survey from 1985 and the National Nutrition Survey carried out in 1995. These authors reported that about 11% of boys and 12% of girls were overweight or obese in 1985, but the proportion had increased to about 19% of boys and 21% of girls in the 1995 survey.
Longitudinal studies have also shown increasing proportions of overweight and obesity with age in children. [15] [16] [17] [18] In a longitudinal study of a cohort of children in Perth, Western Australia, recruited at the age of 9 y and followed to 25 y of age, rates of overweight including obesity increased in males from 9% in 9-y-old boys to 42% in 25-year-old men and, in females, from 8 to 32%. 19 We also found that, even in 9 y olds, blood pressure (BP) was significantly higher in the overweight or obese group and, by the age of 25 y, 53% of those men and 32% of the women were either hypertensive or were at risk of hypertension. Our findings in that prospective study, with tracking of BMI from childhood through young adult life and clear associations with cardiovascular risk as indicated by BP, highlight the importance of addressing weight control early in life.
We now report findings in a cohort of younger Australian children, followed from the 16th week of gestation to 8 y of age, using prospectively collected data to examine predictors of overweight and obesity, associations with risk factors for cardiovascular disease and tracking of BMI from birth.
Methods
The Western Australian Pregnancy Cohort Study subjects ('Raine cohort') were serially recruited from the public antenatal clinic at King Edward Memorial Hospital (KEMH), or nearby private practices in Perth, Western Australia between 1989 and 1992. 20 The study started as a pregnancy cohort in which 2979 women were enrolled at or before the 18th week of gestation from the antenatal booking clinics at KEMH. Approximately 100 women per month were enrolled for a total of 30 months commencing in May 1989 and finishing in November 1991. The criteria for enrolment were gestational age between 16 and 20 weeks, sufficient proficiency in English to understand the implications of participation, an expectation to deliver at KEMH and an intention to remain in Western Australia so that follow-up through childhood would be possible. All mothers gave written informed consent and the study was approved by the institutional ethics committees. The initial cohort comprised 2860 live births. The present analysis included the 2087 children remaining after exclusion of multiple births, those born before 37 weeks of gestation and those with congenital abnormalities.
Children were resurveyed at the age of 1, 3, 6 and 8 y. Weight was measured to the nearest 100 g using Wedderburn Digital Chair Scales with children wearing only underclothes, and height to the nearest 0.1 cm with a Holtain Stadiometer. At 45 min after entering the room, the child had BP measured, seated, using the appropriate cuff size with an oscillometric method (Dinamap 8100, Critikon, USA). Two readings were taken 1 min apart and the average used in analysis.
Total LDL and HDL cholesterol and glucose were measured at the age of 8 y, after an overnight fast, by the Core Laboratory at Royal Perth Hospital using a Hitachi 917 autoanalyser.
At the age of 8 y, a short questionnaire was used as an indicator of fat consumption in the whole cohort. 21 In a subset of 340 children, food frequency questionnaires (FFQ) that comprised 222 items were completed by parents in association with the child (CSIRO, Adelaide, South Australia) and provided data used for calculation of the child's intake of nutrients.
In the survey of 6 y olds, questions addressed the following: spare time activities categorised as outdoor play, reading, building blocks, television watching, video games, dolls, pretending, drawing/painting and others; time spent in watching TV; and involvement in organised sport (yes/ no). In 8 y olds, questions addressed qualitative assessment of activity as sedentary, slightly active or active; involvement in organised sport (yes/no); and time spent in watching TV.
Birth weight was obtained from midwives' records and the occurrence of gestational diabetes from antenatal records. The duration of breastfeeding and the age at which other milk was introduced were determined from responses at the time of the surveys of 1 and 3 y olds. Mothers were also asked 'at what age did you stop breastfeeding?' (in months) and 'at what age did you first give your child any milk other than breast milk?' (in months) when children were surveyed as 1 and 3 y olds.
At the time of the survey of 8 y olds, mothers had weight measured using electronic scales and height by a stadiometer. They also provided information about current smoking status (never smoker, ex-smoker, current smoker) and medical history, including whether they had been diagnosed as diabetic. Mothers' educational levels were obtained by questionnaire at the time of delivery and again when children were 8 y old. Educational level was categorised into three groups: education not higher than secondary schooling; and technical qualification or diploma; and tertiary qualification. The questionnaire also recorded family annual income in four categories appropriate to the year of the survey. When the children were 8 y old, for example, the categories were: o$25 000; $25 001-$40 000; $40 001-$60 000; and 4$60 000. Income was then grouped into two categories with the two upper and two lower ranges aggregated. Data were sought from fathers, but paternal weight and height were obtained from only 298 fathers whose children attended the survey as 8 y olds. used to identify factors that described dietary patterns derived from the FFQ. Factor scores were subsequently used as independent variables in regression models. Regression analysis was used for modelling with BMI at the age of 8 y as the dependent variable. Initial models were examined with adjustment only for sex and all variables that attained a Pvalue o0.1 were included in subsequent multivariable analysis, with additional adjustment for maternal education, using backward selection of variables. Binary logistic regression was used to determine predictors of overweight including obesity in 8 y olds in models adjusted for sex and maternal education. Pearson's correlations were used to examine associations between weight at birth and at 1, 3, 6 and 8 y as an indication of tracking. Results were considered significant if Po0.05.
Results
After exclusion of multiple pregnancies, congenital abnormalities and children born before 37 weeks of gestation, the present analysis included 1430 children (741 boys, 689 girls) in whom weight and height were measured at the age of 8 y.
Earlier surveys with weight and height available comprised 1710 children at 1 y, 1184 at 3 y and 1480 at 6 y. The characteristics of the 8 y olds are shown in Table 1 . Statistically significant differences were seen in a higher rate of sedentary behaviour among girls (Po0.001) who also showed higher BMI, total cholesterol and LDL cholesterol (Po0.001). Time spent watching television did not differ significantly between boys and girls at the age of 8 y. However, there were significant differences associated with classification of activity levels with a mean of 3.2 (0.1) h in those considered to be sedentary, 2.8 (0.1) h in the slightly active group and 2.6 (0.1) h in those regarded as active (Po0.001).
Associations with SES Figure 1 shows the BMI at the ages of 1, 3, 6 and 8 y according to family income. BMI was similar in both income groups to the age of 3 y, but in 6 and 8 y olds, BMI was higher in families with lower income (RANOVA P ¼ 0.004). At 1 y, 22.2% were overweight including obese (10.5% obese) in the lower income group and 24.6% (10.3% obese) in the upper income group (P ¼ 0.323). Respective proportions were 13.5% (1.4% obese) and 14.1% (1.4% obese) at 3 y (P ¼ 0.955), 18.0% (5.4% obese) and 12.8% (3.0% obese) at 6 y (P ¼ 0.020) and 20.6% (5.6% obese) and 15.2% (2.6% obese) at 8 y (P ¼ 0.007). Findings were similar in relation to maternal education ( Figure 1 ), with lower BMI by the age of 6 y in children of mothers with tertiary education (RANOVA P ¼ 0.001).
Tracking of BMI, overweight and obesity from infancy
In boys, the overall rate of overweight including obesity was 22.1% at 1 y with 13.4% overweight nonobese and 8.7% obese. At 3 y, 13.5% of boys were classified as being overweight including obesity (1.0% obese) as were 12.6% at 6 y (4.0% obese) and 15.4% at 8 y (4.5% obese). Among 1-y-old girls, 25.1% were categorised as being overweight including obesity (11.8% obese). Respective proportions were 14.0% at 3 y (1.6% obese), 17.9% at 6 y (3.7% obese) and 19.6% (3.2% obese) at 8 y ( Figure 2 ). Table 2 shows partial correlation coefficients with adjustment for sex between birthweight and weights at 1, 3, 6, and 8 y. All coefficients were statistically significant (Po0.001) but coefficients were lower with a greater interval between measurements. Among children with weight recorded at 8 y, of the 310 children classified as overweight or obese at the age of 1 y, 103 (33%) were overweight or obese at 8 y of age. Of 128 overweight or obese 3 y olds, 68 (53%) were overweight or obese at the age of 8 y; among 196 overweight or obese 6 y Associations between overweight including obesity and cardiovascular risk factors BP was significantly higher in children who were classified as overweight and obese with a difference of 2/3 mmHg (systolic/diastolic) at 1 y, 3/2 mmHg at 3 y, 4/2 mmHg at 6 y and 6/2 mmHg at 8 y (Table 3 ). Blood lipids and blood glucose were measured at the age of 8 y but not in earlier surveys. HDL was significantly lower (P ¼ 0.002) in the group that was overweight including obesity and triglycerides were significantly higher (Po0.001) as shown in Table 3 . Although LDL was also higher in that group, this not reach statistical significance (P ¼ 0.078) nor did the between-group difference for total cholesterol (P ¼ 0.162) or blood glucose (P ¼ 0.182). Interpretation was unchanged after adjustment for sex.
Factor analysis of FFQ categories
Five factors with eigenvalues greater than 1 and explaining 53% of the variance were extracted using categories of foods derived from the FFQ. These factors comprised bread, cereals and spreads such as jam ('cereals'); takeaway foods, processed meats and desserts ('takeaways'); fruit, vegetables and dairy foods ('fruitveg'); chicken, meat dishes, eggs and fish ('meats'); and snacks, confectionary, cakes and sweet beverages ('sweets'). Factor scores were saved and used as independent variables in regression models.
Predictors of BMI in 8 y olds Table 4 shows variables examined as predictors of BMI at the age of 8 y in models adjusted only for sex. Statistically Figure 2 Proportion of overweight, nonobese or obese boys and girls at the ages of 1, 3, 6 and 8 y. At the age of 1 y, overweight and obesity were defined with reference to CDC growth charts. 22 For 3, 6 and 8 y olds, overweight and obesity were defined by the standards of Cole et al.
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BMI and cardiovascular risk factors in children V Burke et al significant relationships were seen with the following variables: birth weight, duration of breastfeeding, age at which other milk was introduced, gestational diabetes, maternal diabetes at the time of the survey of 8 y olds, mothers' and fathers' BMI, maternal smoking status, hours spent watching TV at the age of 6 and at 8 y, subjective assessment of activity as 'slightly active' or 'active' at the age of 8 y and family income. There was also a statistically significant inverse association with the 'cereals' factor and with intake of total and saturated fat (% energy) and a positive association with the 'takeaways' factor. All P-values for associations with intake of energy, protein, carbohydrate, refined sugars, polyunsaturated or monounsaturated fat, calcium, magnesium, potassium or sodium were 40.10, as was the association with playing organised sport at the age of 6 or 8 y.
All variables with P-valueso0.1 in regression adjusted only for sex were entered into backwards selection models, adjusted for maternal education, using three sets of variables. This approach was necessary because of missing values for variables relating to fathers and the use of the FFQ only in a subset of 340 children.
In multivariate models that excluded data from fathers and FFQ (Table 5) , with adjustment for sex and maternal education, BMI at the age of 8 y was independently predicted positively by mother's BMI at the time of the survey of 8 y olds, by birthweight and by time spent in watching television at the age of 6 y. There were significant inverse relationships with mothers never having smoked or being ex-smokers, relative to those who were current smokers, and to children being classified as 'slightly active' and 'active' relative to being sedentary at the age of 8 y.
The inclusion of father's BMI produced a similar model (Table 5 ), using data from 298 children, with the addition of a significant positive relationship with paternal BMI. The relationship with hours spent watching television at the age of 6 y was similar to the model that included only maternal data, but this was no longer statistically significant (P ¼ 0.052).
In the subset of children who completed the FFQ, mother's BMI and children's activity category were again predictive of BMI at the age of 8 y, while the cereals factor was an independent inverse predictor ( Table 5) . No other dietary variable was an independent predictor of BMI at the age of 8 y in multivariate models.
Predictors of overweight including obesity at the age of 8 y Table 6 shows logistic regression models related to overweight including obesity at the age of 8 y. In the model excluding paternal data, maternal overweight including obesity increased the OR for overweight including obesity in 8 y olds 2.6-fold, and for each hour per day of watching television at the age of 6 y, the risk of overweight including BMI and cardiovascular risk factors in children V Burke et al obesity at the age of 8 y increased by about 40%. Risk decreased by 40% in the children of ex-smokers and by 60% where mothers had never smoked. There was a 60% decrease in risk among children who were slightly active and a decrease of 70% associated with being classified as active.
In the model that included paternal data, there were independent effects of maternal and paternal overweight including obesity, each increasing the risk by more than three-fold. As in the previous logistic model, nonsmoking or ex-smoking mothers and activity in the children decreased the risk of overweight including obesity at the age of 8 y, while risk increased with hours of watching television at the age of 6 y. Slight activity was not a statistically significant predictor in this model.
Discussion
This prospective study in Australian children has shown that the proportion of overweight and obesity increases between the ages of 3 and 8 y, particularly in girls, with 15% of 8-yearold boys and 20% of girls being overweight or obese. Significant correlations between weight at 8 y of age and weight at birth, 3 and 6 y and persistence of overweight including obesity between surveys, with 80% of overweight or obese 6 y olds still overweight or obese at the age of 8 y, demonstrate tracking. An increase in cardiovascular risk factors associated with overweight including obesity is already apparent in infancy and, by the age of 8 y, these children have higher BP and more adverse levels of blood lipids.
The association of these risk factors with overweight including obesity indicate that features of the metabolic syndrome are already present in these children. The Pathobiological Determinants of Atherosclerosis in Youth (PDAY) group have documented the associations between cardiovascular risk factors and the presence of coronary atherosclerosis at post mortem in adolescents and young adults who have died from external causes. 24 The pattern of cardiovascular risk associated with overweight including obesity in children in the present study implies elevated long-term risk and emphasises the potential importance of factors leading to weight control in childhood. We found that lower BMI in 6 and 8 y olds was associated with higher family income and with tertiary education in mothers, consistent with the inverse association reported between SES and BMI in Australian children more than 6 y old. 25 In the present study, associations between SES and BMI changed with age and lower BMI in the higher SES group emerged only in the surveys of 6 and 8 y olds. BMI at the age of 8 y is strongly predicted by maternal and paternal BMI, by mothers' smoking habits and by children's activity level at 8 y, as well as by earlier habits of television watching. Dietary variables and energy intake were not predictive of BMI at the age of 8 y in models adjusted for confounders, except for an inverse relationship with consumption of bread and cereals. Maternal or paternal overweight and a pattern of television watching in earlier years BMI and cardiovascular risk factors in children V Burke et al substantially increases risk of overweight including obesity at the age of 8 y.
Overweight and obesity were classified according to the international standards suggested by Cole et al 14 in 3, 6, and 8 y olds. These standards do not apply to infants, and overweight and obesity were defined with reference to the NCHS growth charts in 1 y olds. It is therefore not possible to compare rates of overweight and obesity in 1 y olds and those in older children. However, it is clear from the rates in 3, 6 and 8 y olds that there is an increase in the prevalence of overweight including obesity from the age of 3-8 y, particularly in girls. This increase in overweight and obesity seen in a prospective study is in agreement with reports from other cross-sectional 1, [7] [8] [9] [10] [11] [12] and longitudinal studies in Australia and elsewhere. [15] [16] [17] [18] [19] A greater rate of sedentary behaviour in 8-year-old girls than in boys is consistent with differences in the rates of overweight and obesity between boys and girls. It is also consistent with Australian population data showing that girls between the ages of 6 and 14 y are less physically active than boys. 26 Parents' subjective assessment of their child's activity level as sedentary, slightly active or active was an independent predictor of BMI in 8 y olds and of the risk of overweight including obesity at the age of 8 y. Longitudinal studies have shown a decline in levels of physical activity, 27 and secular trends to a decrease in activity reflect societal change. 1 Sedentary pastimes (television, computer games)
are easily accessible, while fears about safety have limited unsupervised activities such as walking to school and playing in the local neighbourhood. The importance of activity in early childhood in limiting deposition of body fat is highlighted by data from the longitudinal Framingham children's study that showed higher activity levels between the ages of 4 and 11 y to be associated with smaller gains in body fat in adolescence. 28 The Third National Health and Nutrition Examination in the United States reported not more than two episodes per week of vigorous activity in 20% of children over the age of 8 y. 29 Such statistics emphasise the urgency of encouraging the habit of physical activity from an early age, with a focus on increasing activity in girls. Greater BMI in childhood is associated with watching television in cross-sectional 29 and in longitudinal studies, 30 possibly related both to sedentary behaviour and highenergy foods that are advertised during children's viewing times. 31 However, not all surveys have agreed with these findings. 32 We found that greater BMI at the age of 8 y was predicted by greater time spent watching television at the age of both 6 and 8 y in models adjusted only for sex. In models that included confounders, only television watching at the age of 6 y predicted BMI in 8 y olds, independent of categories of physical activity. The statistically significant association between hours of watching television at 8 y and the category of activity level may have led to exclusion of that variable from multivariate models. Television watching at the age of 6 y was predictive of BMI at 8 y even after inclusion of potential confounders, possibly mediated by lack of physical activity and its effect on accumulation of body fat. 28 Programmes that focus on reducing time spent watching television, rather than encouraging physical activity, have been successful in weight control 33 and weight reduction in children. 34 However, the association between television viewing and BMI may be more complex, as Burdette et al 35 have shown that maternal obesity and depression are associated with greater viewing time in preschool children. Dietary data from FFQ were available only from a subset of the cohort at the age of 8 y. In models unadjusted for a range of confounders, a food factor that encompassed takeaway foods, desserts and processed meats was a positive predictor of BMI at the age of 8 y, while a factor that measured consumption of breads and cereals was inversely associated with BMI. However, only the cereals factor remained statistically significant in models that included mother's BMI and children's activity. Low glycaemic index foods have been promoted in the management of obesity, possibly acting both through effects on fat oxidation and satiety. 36 Children who ate low glycaemic index foods at breakfast ate less at lunchtime than those having a high glycaemic index breakfast, 37 and greater satiety may mediate the association we found between greater cereal consumption and lower BMI. Intake of total fat and saturated fat derived from the FFQ showed an inverse association with BMI in 8 y olds in our study. Although this association is not intuitive, it was consistent with the direction of the nonsignificant relationship between BMI and fat intake derived from the short fat questionnaire 21 that was not limited to children who completed the FFQ. One possible explanation is the use of weight reduction diets in overweight or obese children and/ or increased consumption of high glycaemic index sugars. Parental BMI is recognised to be an important predictor of BMI in children. The risk of obesity in adult life is more than doubled in children with one obese parent and the risk increases to 10-fold if both parents are obese. 2 While genetic factors are important determinants of BMI, with moderate estimated heritability, 38, 39 interactions between genes and environment substantially influence adiposity. Obesity is not an inevitable result of a genetic predisposition. 39, 40 Healthrelated behaviours aggregate within families. [41] [42] [43] In families identified as 'obesogenic' on the basis of parental physical activity and diet, 7-year-old girls had higher BMI and skinfold thickness than those from families where parents practised more healthy behaviours. 44 In a study that used supermarket receipts to identify patterns of food purchasing, households with overweight individuals bought foods higher in fat and energy than households where participants were leaner. 45 Dietary fat preferences in children are also associated with overweight in parents. 46 Smoking shows clustering with adverse life style choices 47 such as sedentary behaviour, higher fat consumption and greater alcohol intake. 48, 49 In Australian 10-12 y olds, we have shown that children of parents who smoke have higher BMI and cardiovascular risk factors in children V Burke et al BMI with a central distribution of body fat, have a greater intake of dietary fat, exercise less and watch more television. 50 Maternal smoking during pregnancy has also been reported to increase the risk of later obesity 51 and may be mediated by effects on intrauterine growth in addition to these lifestyle factors.
While genetic factors and their interaction with the environment influence BMI, it is important to recognise the role of adverse health-related behaviours within families, particularly families where there is overweight or obesity. Tracking of overweight and obesity and of cardiovascular risk factors to adult life suggest that control of excessive weight gain in childhood is likely to have long-term benefits. Parental obesity should not be regarded as necessarily leading to overweight or obesity in children, but should be considered as an indication for evaluation of family life style. Better health-related behaviours within these families have the potential to improve health substantially in parents and children.
